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Schwann cells —the glial cells
that wrap peripheral axons—
arise from trunk neural crest cells
that find their way to the
emerging axons of sensory and
motor neurons. These
progenitors are then thought to
migrate along the outgrowing
axons and to proliferate in order
to produce a sufficient number of
cells for the myelination of the
axons. The number of these pre-
myelinating Schwann cells is
believed to be regulated by axon-
derived survival signals. Each
Schwann cell typically first
envelops multiple axonal
segments but ultimately
surrounds a segment of a single
axon [1]. Only large axons
(diameter > 1 µm) are myelinated
while smaller axons are not
Neuregulin as a Regulator of
Schwann Cell Number and
Myelin Thickness
The growth factor neuregulin-1
plays a pervasive role in the life of
a Schwann cell [2]. Neuregulin-1
was identified over 25 years ago
as two distinct biological
activities. It was first described as
glial growth factor [3], for its
ability to serve as a potent
Schwann cell mitogen; separately,
it was shown to regulate
acetylcholine receptors in muscle
cells in vitro and described as the
acetylcholine receptor-inducing
activity (ARIA) [4]. It was also
recognized that axonal
membranes contained a
substance, now known to be
neuregulin-1, that promoted
Schwann cell proliferation [5].
Subsequently, neuregulin-1 was
recognized for its ability to
support Schwann cell survival in
vitro [6,7], a finding that
suggested it may also function to
regulate the number of pre-
myelinating glia by serving as a
limiting survival factor.
The primary receptor for
neuregulin-1 in Schwann cells is a
complete accuracy. A gray object
in shadow appears slightly darker
than it would appear in sunlight. A
gray paper looks lighter on a black
background than on a white
background. Many of these errors
are captured in delightful illusions.
These errors must come from the
visual system itself. And these
errors are systematic, not random.
They constitute a sort of signature
of the visual software employed by
the brain [11]. Thus the overall
pattern of lightness errors shown
by humans provides a powerful
constraint on theories of lightness.
Inverse optics models are great
for computing gray shades
correctly. But what about the
errors? In principle, the errors
could be accounted for by partial
failures in the scission process.
But such efforts to model the
errors [12,13] have not proven very
effective.
For this reason, several theorists
have resurrected the older
frameworks concept in a modified
form that can explain the errors
[14,15]. Combining the concept of
frameworks with a process of
crosstalk between frameworks,
seems to provide an impressive
account of lightness errors.
Anderson and Winawer [1]
acknowledge these claims of the
frameworks approach. And yet,
their chess-piece demonstration
offers compelling evidence of
perceptual scission.
Layer proponents, like Anderson
and Winawer [1], argue that failures
in the scission process could
potentially account for the errors
pattern. Likewise framework
proponents suggest that
framework-based models could
potentially be expanded to include
the perception of illumination. Both
sides are open to an integration of
the two approaches. Stay tuned.
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Peripheral Glia: Schwann Cells in
Motion
Neuregulin signaling through ErbB receptors is known to play an
essential role in Schwann cell proliferation, survival and myelination.
Recent studies in zebrafish provide a peek at living Schwann cells
migrating along axons in vivo and suggest that ErbB signaling, while
not required for cell movement per se, is required to maintain the
directed migration of these cells.
heterodimer composed of the
transmembrane tyrosine kinases
ErbB2 and ErbB3 [6,8,9].
Knockout mice lacking either
neuregulin-1 or ErbB2 show a
substantial loss of Schwann cell
progenitors and at E10.5 these
embryos died from a failure in
heart development. ErbB3-
deficient mice, which can survive
until birth, exhibit a total loss of
Schwann cells along their
peripheral axons [10]. This
phenotype is shared by ErbB2
mutant mice whose cardiac defect
has been rescued by the
expression of this receptor in the
heart [11,12]. In both of these
mouse lines, pre-migratory
Schwann cells are present near
the dorsal root ganglia, but they
fail to move away from this
location and onto the axons.
Together, the ErbB2 and ErbB3
mutant mice revealed an essential
role for neuregulin-1 signaling in
generating Schwann cells and a
possible role in the ability of these
cells to migrate down the axon.
In the postnatal period,
neuregulin-1 also appears to be
required for the myelination
process itself. The first hint of this
was that the induced loss of
ErbB2 in Schwann cells after the
initiation of myelination resulted in
the production of thinly
myelinated fibers [13].
Furthermore, constitutive
overexpression of the type III
isoform of neuregulin results in an
increased thickness of the myelin
sheath [14]. Thus, the current view
is that neuregulin-1 serves to
regulate the number of pre-
myelinating Schwann cells by
acting as both a mitogen and a
survival factor. Once myelination
has been initiated, neuregulin-1
also appears to play a role in
regulating myelin sheath
thickness.
Zebrafish ErbB Mutants
With the efforts now reported by
Lyons et al. [15], our
understanding of the roles of
ErbB2 and ErbB3 in developing
zebrafish may have, in some
respects, exceeded that of what
we know from mice. The authors
performed a genetic screen to
search for mutants in myelin
formation, which led them to
identify the zebrafish
homologues of ErbB2 and ErbB3.
Similar to the phenotype seen in
the knockout mice, the most
severely affected ErbB2 and
ErbB3 mutants lack Schwann
cells throughout the peripheral
nervous system.
By using transgenic zebrafish
expressing green fluorescent
protein (GFP) under the control of
the foxd3 promoter (foxd3::GFP),
which marks neural crest-derived
cells, the authors were able to
follow the migration of early
Schwann cells in vivo (Figure 1).
Neural crest cells could be
detected as they migrated from a
region near the dorsal neural tube
to the posterior lateral line
ganglion. Some of these
Schwann cell progenitors could
be observed as they moved away
from the ganglion and onto the
extending axons of the posterior
lateral line nerve, which contains
afferent sensory axons. When
foxd3::GFP fish were crossed to
the most severely affected ErbB3
mutant, GFP-expressing
Schwann cell progenitors were
observed to reach the posterior
lateral line ganglion but they did
not migrate out onto the axons.
In addition, when cell
proliferation was assayed, a
reduction in the number of GFP-
expressing cells in early stage
ErbB3 mutant fish embryos was
observed. Thus, the ErbB3
mutants in fish and mice bear
striking similarities.
When foxd3::GFP fish embryos
were immersed in a solution
containing a pan-specific
inhibitor of ErbB tyrosine kinase
activity, cell migration was
reduced, but many cells
remained axon-associated and
motile. These cells  were often
observed to migrate in the wrong
direction, i.e., opposite to the
direction of axonal extension.
These findings suggested that
ErbB signaling promotes the
directed migration of Schwann
cell precursors.
To investigate the role of ErbB
signaling after Schwann cell
migration has been completed,
foxd3::GFP fish embryos were
treated with BrdU and the ErbB
inhibitor. When compared to
untreated controls, there was a
nearly two-fold difference in cell
number, suggesting that the post-
migratory cells undergo a final
round of cell division. When this
phase of proliferation was blocked,
myelination could not be initiated.
The kinase inhibitor was no longer
able to block the initiation of
myelination when applied after this
round of proliferation was
completed. Intriguingly, the
authors did not observe significant
levels of post-migratory cell death
prior to myelination, which led
them to propose that proliferation
is the primary regulatory step in
controlling the number of pre-
myelinating Schwann cells.
This hypothesis differs from the
presumed situation in mice, where
proliferation in the early postnatal
period is followed by cell death
before the onset of myelination
[16]. In chick, two waves of
Schwann cell death have been
observed in vivo. The first wave is
thought to correlate with a failure
to successfully compete for
axonally derived trophic support,
presumably neuregulin-1; while
the second one is due to the loss
of Schwann cells due to the
pruning of the neuronal population
(and the associated loss of trophic
support; [17]). A late phase of
proliferation prior to myelination
has not been reported in either
rodents or chick.
Initiating Myelination — Are Fish
Different?
The findings of Lyons et al. [15]
have built upon the efforts of
Dispatch    
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Figure 1. Zebrafish Schwann cell
precursors on the move.
Schwann cell precursors are labelled by
fox3::GFP expression (green) and migrate
along the posterior lateral line axon,
labelled by acetylated tubulin expression
(red). Figure courtesy of D. Lyons.
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Gilmour and colleagues [18], who
demonstrated that in zebrafish,
axons provide instructive
guidance cues for the migration of
peripheral glia. Through the
analysis of mutations in the
zebrafish ErbB2 and ErbB3 genes,
the authors have demonstrated
that ErbB signaling provides one
of the cues for Schwann cell
migration. One of the novel
findings presented is that ErbB2/3
signaling may not be required for
motility per se, but for the directed
migration of Schwann cells along
their substrate axons. NRG1 has
been previously shown to promote
the motility and directed migration
of rat Schwann cells in vitro [19]
and it would not be too surprising
if this role was conserved between
fish and mammals in vivo. The
ability of ErbB2/3 signaling to
influence directed migration raises
the issue of how proximal and
distal regions of the axon are
distinguished and whether it is the
distribution of ErbB ligands or of
other molecules that provide cues
for directed guidance.
The most provocative claim put
forth is the concept that it is
proliferation and not survival that is
the primary regulator of pre-
myelinating Schwann cell number.
This hypothesis is at odds with the
prevailing dogma that the final
number of pre-myelinating
Schwann cells is regulated by
competition for a limiting amount
of axonally supplied NRG1.
Although this proposal is intriguing,
future studies to carefully assess
cell death in the developing
zebrafish embryos will be required
to determine if fish truly differ from
mammals in how they regulate
Schwann cell number. However,
regardless of the outcome, the
impressive strides made by Lyons
et al. [15] in understanding how
Schwann cells develop in the fish
have underscored the advantages
provided by the visual
transparency of zebrafish embryos.
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Samuel Cotton, David W. Rogers
and Andrew Pomiankowski
Models of sexual selection show
that female mate preferences for
elaborate male sexual ornaments
and displays can evolve when the
expression of courtship traits
reflects male fitness, through
variation in attractiveness or
viability, or both [1,2]. Although
numerous studies claim to find
evidence supporting these
hypotheses, the evidence is
usually based on measures of one
or a few components of fitness
[3]. Although indicative, this is not
convincing, because the
correlation between components
and fitness itself is variable and
Sexual Selection: The Importance
of Long-Term Fitness Measures
New results from a 20-year study of free-living song sparrows confirm
that attractive males contribute more offspring than less attractive
males. They also reveal that the offspring of preferred males produce
more descendents themselves. Females prefer males with a large song
repertoire, which further work shows is a condition-dependent
indicator of male quality.
